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$%675$&7 
7KH ZRUN SUHVHQWHG LQ WKLV SDSHU UHYLHZV WKH PHWKRGV RI GHWHFWLQJ 3' LQ D +9'& V\VWHP 7KH
EHKDYLRURI3'XQGHU'&FRQGLWLRQVIRUFRPPRQGHIHFWVW\SHVLVGLVFXVVHG7KHSDUWLDOGLVFKDUJHV
VWXGLHG LQ WKLV SDSHU DUH OLPLWHG WR WKUHH GLHOHFWULF VDPSOHV ZLWK GLVFKDUJHV IURP ZHOO-GHILQHG
GLVFKDUJH VLWHV 7KHVH LQFOXGH FRURQD VXUIDFH GLVFKDUJHV DQG LQWHUQDO YRLGV  7KH VDPSOHV ZHUH
VXEMHFWHGWR$&DQG'&H[FLWDWLRQ$&H[FLWDWLRQDVD VHQVHFKHFNWRHQVXUHWKHVDPSOHV\LHOGWKH
H[SHFWHG 3' DFWLYLW\$ IXUWKHU DUHD RI LQYHVWLJDWLRQ ZDV WKH DSSOLFDWLRQ RI DQDO\VLV WHFKQLTXHV WR
HQDEOHWKHLGHQWLILFDWLRQRIWKHW\SHRI3'HYHQW7KHDELOLW\WRGHWHUPLQHWKHW\SHRI3'DSSDUHQWLQ
WKH +9'& V\VWHP IHHGV GLUHFWO\ LQWR WKH FRQGLWLRQ PRQLWRULQJ RI WKH +9'& V\VWHP DQG
LGHQWLILFDWLRQRIWKHLQVXODWLRQIDXOW 
120(1&/$785( 
$&   $OWHUQDWLQJFXUUHQW 
'&   'LUHFWFXUUHQW 
+9$&   +LJKYROWDJHDOWHUQDWLQJFXUUHQW 
+9'&   +LJKYROWDJHGLUHFWFXUUHQW 
3'   3DUWLDOGLVFKDUJH 
TL   &KDUJHRISDUWLDOGLVFKDUJHHYHQW& 
WL   7LPHRISDUWLDOGLVFKDUJHRFFXUUHQFHVHF 
95   3HDNYDOXHRIWKH$&YROWDJHDWLQFHSWLRQRISDUWLDOGLVFKDUJHN9 ׎   3KDVHDQJOHRISDUWLDOGLVFKDUJHRFFXUUHQFHGHJ 
 
,1752'8&7,21 
7KH GHYHORSPHQW RI RIIVKRUH ZLQG LQ WKH 8. WR GDWH KDV EHHQ IRFXVHG RQ WKH VLWHV FORVH WR VKRUH ZKHUH
FRQYHQWLRQDO KLJK YROWDJH DOWHUQDWLQJ FXUUHQW +9$& WUDQVPLVVLRQ LV WKH PRVW FRVW HIIHFWLYH VROXWLRQ 2IIVKRUH ZLQG
IDUPVZKLFKDUHQRZLQSODQQLQJ>@DUH UHDFKLQJDFULWLFDOGLVWDQFHIURPVKRUH-NPZKHUHKLJKYROWDJHGLUHFW
FXUUHQW +9'& WUDQVPLVVLRQ LV PRUH FRVW HIIHFWLYH >@&XUUHQWO\ WKHUH LV WKH UHOXFWDQFH IURPRSHUDWRUV WR DGRSW'&
OLQNV IRU SRZHU WUDQVPLVVLRQ GXH WR ODFN RI RSHUDWLRQDO NQRZOHGJH RI WKHVH V\VWHPV DQG LVVXHV ZLWK HDUO\ +9'&
WUDQVPLVVLRQOLQNVWRRIIVKRUHZLQGIDUPV 
7KH+9'&WUDQVPLVVLRQV\VWHPIRUPVDFULWLFDOFRQQHFWLRQEHWZHHQWKHRIIVKRUHZLQGIDUPDQGWKHRQVKRUHJULG
&RQGLWLRQPRQLWRULQJRIWKH+9'&OLQNLVFULWLFDODVDQ\ORVVRIWKHOLQNZRXOGEULQJVLJQLILFDQWFRVWVLQUHSDLUVDQGORVW
UHYHQXHIURPSRZHUWUDQVIHUDFWLYLWLHV$YDOXDEOHPRQLWRULQJWHFKQLTXHLVWKHLQYHVWLJDWLRQRI3DUWLDO'LVFKDUJH3'DQ
LPSRUWDQWDUHDRIUHVHDUFKLVWKHHPLVVLRQRI3'DVDQLQGLFDWRURILQVXODWLRQIDLOXUHLQWKH+9'&V\VWHP7KHHPLVVLRQ
RI3'IURP+9'&FDEOHVLV\HWWREHIXOO\XQGHUVWRRGWRSUHYHQWVXFKGRZQWLPHV 
3' GHWHFWLRQ XQGHU $& FRQGLWLRQV LV D ZLGHO\ XVHG WRRO IRU LQVXODWLRQ PRQLWRULQJ ZLWK PDQ\ GLIIHUHQW
WHFKQRORJLHVEHLQJDSSOLHGDFFRUGLQJWRWKHUHTXLUHPHQWVRIWKHVFHQDULRXQGHULQYHVWLJDWLRQ+RZHYHUHYHQXQGHU$&
FRQGLWLRQV3'UHPDLQVDFRPSOH[SKHQRPHQRQZLWKPDQ\PHDVXUHPHQWDQGGLDJQRVWLFFKDOOHQJHVUHPDLQLQJ7KHRQVHW
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8.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25HDGHU((('HSW8QL2I6WUDWKFO\GH*HRUJH6WUHHW*ODVJRZ8.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RI LQVXODWLRQ GHJUDGDWLRQ XQGHU '& FRQGLWLRQV LV D NQRZQ DUHD >@ EXW UHTXLUHV IXQGDPHQWDO XQGHUVWDQGLQJ RI WKH
XQGHUO\LQJPHFKDQLVPVFRXSOHGZLWKQHZDSSURDFKHVWRLQWHUSUHWWKH3'GDWD>@ 
8QGHU$&FRQGLWLRQVWKH3'PDJQLWXGHDQGSKDVHRIRFFXUUHQFHDUHXVHGWRGLDJQRVHWKHW\SHRILQVXODWLRQIDXOW
DSSDUHQWLQWKH$&V\VWHP)LJD7KHDOWHUQDWLQJYROWDJHDSSOLHGWRWKHLQVXODWLRQGHIHFWOHDGVWRWKHSKDVHUHODWLRQRI
3'DFWLYLW\YROWDJHSRODULW\FKDQJHVHYHU\KDOIF\FOH,QFRQWUDVWXQGHU'&FRQGLWLRQVWKHUHLVQRSKDVHUHIHUHQFHWKH
SDUDPHWHUV RI LQWHUHVW DUH WKH 3' PDJQLWXGH DQG WLPH RI RFFXUUHQFH )LJ E 8QGHU '& FRQGLWLRQV WKH YROWDJH LV
JHQHUDOO\FRQVWDQWDQGODFNRIDSKDVHUHIHUHQFHPHDQVWKDW'&3'GDWDLVPRUHVXLWHGWRVWDWLVWLFDODQDO\VLVPHWKRGV 
  
)LJ $&DQG'&3'EHKDYLRUD$&FDVH3'PDJQLWXGHTLUHODWHGWRWKHSKDVH׎RIWKH$&VLQHZDYHE'&
FDVH3'PDJQLWXGHTLUHODWHGWRWLPHRIRFFXUUHQFHWL 
The repetition rate of PD under AC conditions several orders of magnitude higher than under DC conditions. The 
difference in PD repetition rate requires that the PD measurement process must be adjusted to reflect this, under AC 
conditions PD activity can be recorded in tens of seconds compared to tens of minutes under DC conditions.  
 
0(7+2'2/2*< 
7KH PHWKRGV HPSOR\HG IRU 3' GHWHFWLRQ XQGHU $& FRQGLWLRQV FDQ EH WUDQVIHUUHG WR 3' GHWHFWLRQ XQGHU '&
FRQGLWLRQV &RPPRQ IDXOWV LQ DQ LQVXODWLRQ V\VWHP DUH LQWHUQDO GLVFKDUJHV IURP YRLGV LQ FDEOH LQVXODWLRQ VXUIDFH
GLVFKDUJHRQLQVXODWRUVDQGFRURQDGLVFKDUJHVIURPH[SRVHGVKDUSHGJHVLQWKHV\VWHP:KHQDSDUWLDOGLVFKDUJHHYHQW
RFFXUVDKLJKIUHTXHQF\FXUUHQWSXOVHRIQDQRVHFRQGWRPLFURVHFRQGGXUDWLRQLVHPLWWHGIURPWKHGHIHFWLQWKHLQVXODWLRQ
V\VWHP9DULRXVVHQVRUVFDQEHHPSOR\HGWRGHWHFWWKLVFXUUHQWSXOVH&RPPRQVHQVRUVIRUWKHPHDVXUHPHQWRI3'HYHQWV
DUHKLJKIUHTXHQF\FXUUHQWWUDQVIRUPHU+)&7PHDVXULQJLPSHGDQFHDQGDFRXVWLFVHQVRUVFDQDOVREHHPSOR\HG 
,QWKLVZRUNDPHDVXULQJLPSHGDQFHZDVHPSOR\HGGXULQJ$&3'WHVWLQJDQGXQGHU'&FRQGLWLRQVD+)&7ZDV
XVHG%RWKWKHPHDVXULQJLPSHGDQFHDQGWKH+)&7GHWHFWWKHFXUUHQWSXOVHHPLWWHGIURPWKHLQVXODWLRQGHIHFWDQGWKH
VHQVRUFRQYHUWVWKHFXUUHQWSXOVHLQWRDYROWDJHSXOVHIRUUHFRUGLQJSXUSRVHV7KHVHYHULW\RIDSDUWLDOGLVFKDUJHHYHQWLV
GHWHUPLQHGE\ WKHFKDUJHFRQWDLQHGZLWKLQ WKH UHFRUGHGYROWDJHSXOVH7KHFKDUJHFRQWDLQHG ZLWKLQD YROWDJHSXOVH LV
GHWHUPLQHGWKURXJKLQWHJUDWLRQRIWKHYROWDJHSXOVH7KUHHGLHOHFWULFVDPSOHVH[KLELWLQJLQWHUQDOVXUIDFHDQGFRURQDW\SH
GLVFKDUJHEHKDYLRUDUHGHWDLOHGLQ)LJZHUHVHOHFWHGIRU$&DQG'&3'WHVWLQJ 
 
 
)LJ DLQWHUQDOGLVFKDUJHIURPYRLGVLQDQHSR[\VDPSOHE&RURQDIURPDSRLQWSODQHWHVWFHOOFVXUIDFH
GLVFKDUJHRQDFHUDPLFLQVXODWRU 
 
,QLWLDOO\$&WHVWLQJZDVFRQGXFWHGRQWKHWKUHHGLHOHFWULFVDPSOHVWRFRQILUPWKDWWKHGRPLQDQW3'VRXUFHLQHDFK
VDPSOHZDVDVH[SHFWHGDWWKHLQFHSWLRQYROWDJHRIUHSHWLWLYHDQGVXVWDLQHG3'7KHFLUFXLWHPSOR\HGIRU$&WHVWLQJLV
GHWDLOHGLQ)LJD)ROORZLQJ$&WHVWLQJ'&WHVWLQJZDVFRQGXFWHGRQWKHWKUHHGLHOHFWULFVDPSOHVXVLQJWKHWHVWFLUFXLW
GHWDLOHGLQ)LJE$UDPSWHVWPHWKRGZDVHPSOR\HGLQ'&WHVWLQJWRDSSO\WKUHHGLIIHUHQWKROGYROWDJHV9595DQG
95ZLWK WKHYROWDJHKHOG DW HDFKYROWDJH VWHS IRUPLQXWHVEHIRUH LQFUHDVLQJ WR WKHQH[W KROGYROWDJH 7KHKROG
YROWDJHVZHUHGHWHUPLQHGIURPWKH$&3'WHVWZLWKWKHSHDNYDOXHRIWKH$&3'LQFHSWLRQYROWDJH95GHWHUPLQLQJWKH
WKUHHKROGYROWDJHV7KHDQDO\VLVPHWKRGVDGRSWHGXQGHU'&FRQGLWLRQVDUHEDVHGRQVWDWLVWLFDOPHWKRGVXVLQJKLVWRJUDPV
DQGDQDO\WLFDOPHWKRGVVNHZQHVVDQGNXUWRVLVWRDVVHVVWKHVSUHDGRIGDWD 
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)LJ D$&3'WHVWFLUFXLWE'&3'WHVWFLUFXLW 
 
5(68/76 
7KH3'GHWHFWHGXQGHU$&FRQGLWLRQVZDVFRQVLVWHQWZLWKH[SHFWHGEHKDYLRURIVDPSOHVZLWK WKHPDQXIDFWXUHG
GHIHFWV WKURXJK LQVSHFWLRQ RI WKH UHODWLYH 353' SORW 7KH LQFHSWLRQ YROWDJH IRU WKH VLQJOH YRLG VXUIDFH DQG FRURQD
VDPSOHVZHUHIRXQGWREHN9UPVN9UPVDQGN9UPVUHVSHFWLYHO\7KHSHDNYDOXHRIWKHLQFHSWLRQYROWDJH
ZDVXVHGWRGHULYHWKHWKUHHKROGYROWDJHVXVHGLQWKHUDPSWHVWIRU'&3'WHVWLQJIRUHDFKGLHOHFWULFVDPSOH 
7KH3'GHWHFWHGXQGHU'&FRQGLWLRQVIRUWKHUDPSWHVWVFRQGXFWHGRQWKHWKUHHGLHOHFWULFVDPSOHVLVGHWDLOHGLQ
)LJ3'HYHQWVZHUHGHWHFWHGIURPWKHVLQJOHYRLGIURPWKHVXUIDFHVDPSOHRYHUWKHIXOOUDPSWHVWPLQXWH
WHVW7KHFRURQDVDPSOHZDVVLJQLILFDQWO\PRUHDFWLYHDQG3'HYHQWVZHUHGHWHFWHGLQDVHFRQGSHULRG 
 
 
)LJ Current pulse magnitude shown by the blue sold line and voltage ramp shown by the red dashed line in all plots  
D5DPSWHVWGDWDIRUVLQJOHYRLGVDPSOHE5DPSWHVWGDWDIRUVXUIDFHGLVFKDUJHVDPSOHF5DPSWHVWGDWDIRU
FRURQDVDPSOH 
7KH UHODWLYH VSUHDG RI 3' DFWLYLW\ ZDV YLVXDOO\ UHSUHVHQWHG E\ SURGXFLQJ D KLVWRJUDP EDVHG RQ WKH UHFRUGHG
FKDUJHGDWDGXULQJWKHWKUHHWHVWV7KHUHVXOWDQWKLVWRJUDPVDUHGHWDLOHGLQ)LJDQGWKHLQWHUYDORIHDFKKLVWRJUDPEDULV
GHWDLOHG 
 
  
)LJ FKDUJHKLVWRJUDPVIRUWKHWKUHHGLHOHFWULFVDPSOHVDVLQJOHYRLGVDPSOHEVXUIDFHGLVFKDUJHVDPSOHFFRURQD
VDPSOH 
An analytical method to support the visual representation of the histograms is to determine the skewness and kurtosis 
of the three data sets [5]. Skewness is a measure of the position of the peak in the data relative to the data set, positive is 
skewed to the left and negative is skewed to the right. Kurtosis assesses the relative spread of data with less than 3 being 
platykurtic (wide spread) and greater than 3 being leptokurtic (more deterministic). Fig. 6 details a plot of skewness vs 
kurtosis for the three samples under test. 
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)LJ VNHZQHVVYHUVXVNXUWRVLVIRUWKHWKUHHGLHOHFWULFVDPSOHV 
 
&21&/86,216 
7KH UHTXLUHPHQWV IRU PHDVXULQJ 3' XQGHU$& DQG '& FRQGLWLRQV DQG WKH PHDVXUHPHQW SURFHVV IRU HDFK ZDV
GLVFXVVHG$&3'WHVWLQJZDVFRQGXFWHGRQWKHWKUHHGLHOHFWULFVDPSOHVDVDVHQVHFKHFNWRFRQILUPWKHGRPLQDQWVRXUFH
RI3'DQGWKHLQFHSWLRQYROWDJHRIUHSHWLWLYHDQGVXVWDLQHG3' 
7KHSHDNYDOXHRI WKH$& LQFHSWLRQYROWDJHZDVXVHG WR VHW WKH WKUHH VWHSV LQ WKHYROWDJH UDPSGXULQJ'&3'
WHVWLQJ 'XULQJ '& WHVWLQJ 3' ZDV JHQHUDOO\ RQO\ FRQVLVWHQW DW 95  WLPHV WKH SHDN YDOXH RI WKH$& LQFHSWLRQ
YROWDJHDVH[SHFWHGIURPOLWHUDWXUH >@DKLJKHUYROWDJHXQGHU'&FRQGLWLRQVZDVUHTXLUHG WR LQLWLDWH3'DFWLYLW\7KH
DPRXQWRI3'DFWLYLW\ZDVVXEVWDQWLDOO\KLJKHUIURPWKHFRURQDVDPSOHZKHUHHYHQWVZHUHUHFRUGHGLQDVHFRQG
ZLQGRZFRPSDUHGWRLQPLQXWHVIRUWKHVLQJOHYRLGDQGLQPLQXWHVIRUWKHVXUIDFHVDPSOH 
+LVWRJUDPV ZHUH HPSOR\HG WR YLVXDOO\ VKRZ WKH UHODWLYH VSUHDGRI GDWD IRU WKH 3' DFWLYLW\ IURP WKH WKUHH WHVW
VDPSOHV$QDO\WLFDOPHWKRGVIRUDVVHVVLQJWKHVSUHDGRIGDWDZHUHDOVRHPSOR\HGQDPHO\WKHDVVHVVPHQWRIVNHZQHVVDQG
NXUWRVLV$SORWRIVNHZQHVVYVNXUWRVLVZDVXVHGWRLOOXVWUDWHWKHGLIIHUHQFHVLQVNHZQHVVDQGNXUWRVLVLQWKHWKUHHGDWD
VHWVDQGKRZRQHPLJKWGLVWLQJXLVK3'DFWLYLW\IURPGLIIHUHQWVRXUFHVLQD'&V\VWHP$NH\RXWFRPHIURPWKLVZRUNLV
WKHSUHOLPLQDU\SURSRVDORIKRZRQHPLJKWGLVWLQJXLVKD3'VRXUFHLQD+9'&V\VWHP 
,QWHUPVRIIXWXUHZRUNWKHH[SDQVLRQRIWKHKROGSHULRGLQWKH'&UDPSWHVWZRXOGHQDEOHIXUWKHU3'DFWLYLW\WR
EH UHFRUGHG RYHU WKH '& UDPS WHVW LQ SDUWLFXODU IRU WKH OHVV DFWLYH GLHOHFWULF VDPSOHV YRLG DQG VXUIDFH GLVFKDUJH
VDPSOHV )XUWKHU PRUH GHWDLOHG ZRUN ZLOO EH FRQGXFWHG LQWR WKH EHKDYLRU RI YRLG W\SH GHIHFWV DV WKHVH DUH WKH PRVW
FRPPRQLQWKHFDEOHLQVXODWLRQGXULQJUHYHUVHSRODULW\DQGORDGF\FOLQJFRQGLWLRQV7KHPHDVXUHPHQWRI3'LQWKHILHOG
HQYLURQPHQWKDV VLJQLILFDQWFKDOOHQJHV LQ WHUPVRIQRLVH IURP WKHFRQYHUWHU VWDWLRQPHDVXUHPHQWGLVWDQFHVRI VHQVRUV
DQGWKHHIIHFWRIYROWDJHULSSOHDSSDUHQWLQWKH+9'&V\VWHPRQ3'LQFHSWLRQ 
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ZLWK+LJK9ROWDJH3DUWLDO'LVFKDUJH/WG+93'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